To investigate whether certain leukocyte and platelet indices predict Small for Gestational Age (SGA) birth and/ or oligohydramnios.
Introduction
Intrauterine growth restriction (IUGR) is widely accepted to be important for perinatal outcomes, and prediction of that is essential in the same way. In 1967, Battaglia and Lubchenco defined the babies whose weights lower than 10th percentile by means of gestational age as small for gestational age (SGA). The incidence of SGA was found to be 10%. These babies were showed to be at high risk for neonatal mortality. The more baby get smaller than 10th percentile, the more neonatal morbidity and mortality increase (1) . Malnutrition, infections, genetic diseases, congenital malformations, placental and vascular diseases are main causes of IUGR, but they can also give way to SGA, too (2) . The diagnosis of IUGR is a challenging clinical entity, because its diagnosis is largely based on dynamic pathologic processes, for example measurement of pathologic blood stream, namely Doppler evaluation. The diagnosis of SGA is based on customized growth charts. So, making the diagnosis of SGA is easier than of IUGR. Growth charts seem to be enough to make the diagnosis of SGA, irrespective of its etiology (3) .
Oligohydramnios is a multifactorial clinical entity defined as diminished volume of amniotic fluid and an important diagnosis as well as growth disturbances mentioned above. Fetal development of musculoskeletal and bronchopulmonary systems are extremely vital to maintain a healthy life; the role of amniotic fluid is undeniable to make these come true. Furthermore, volume of amniotic fluid is also a determinant for growth restriction, because it supplies not only bronchopulmonary and musculoskeletal development, but also a space to allow fetus to grow outwards. Likewise, oligohydramnios and IUGR may share same destiny of pathogenesis; the placental insufficiency (4).
There have been several researches about pathogenesis of small for gestational age and oligohydramnios, but until now, haematologic parameters have not been studied except neutrophil activation (5), according to our comprehensive literature search. We aimed to determine associations among SGA and/or oligohydramnios and haematologic parameters.
(matched for maternal age and body mass index) who were admitted to the Women and Children Care Hospital of Zekai Tahir Burak in Ankara, Turkey, and who were hospitalized for delivery from January 2012 to June 2013 were included in this retrospective case-control study. The study had been approved by the Institutional Review Board of the Women and Children Care Hospital of Zekai Tahir Burak (Approval date/number: 27.05.2013/25), before we had access to medical records.
The inclusion criteria were as follows: Caucasian Turkish woman, singleton pregnancy with live fetus above the gestational age of 27 weeks and 6 days, with normal umbilical and uterine artery Doppler evaluation and gestational age determined from the date of the last menstrual period and confirmed by means of ultrasound in the first trimester. SGA was diagnosed when estimated fetal weight was <10th percentile (confirmed with birthweight percentiles) according to Turkish Growth References Data (6), and oligohydramnios was diagnosed when amniotic fluid index was <5 centimeters (cm). Patients diagnosed with Small for Gestational Age (SGA) birth (smaller than 10th percentile; Group-I, n=59), SGA birth and oligohydramnios (Group-II, n=46), solely oligohydramnios (Group-III, n=23) and the control group (Group-IV, n=280) were selected from medical records. Exclusion criteria were being in active labour, patients had twin gestation, neonate with congenital anomaly, patients with prior cesarean delivery, prior pregnancy complicated with SGA, IUGR, oligohydramnios, preeclampsia or any other serious outcome, any foreknown systemic diseases (like hypertensive, diabetic, cardiovascular, renal, thyroidal diseases, liver diseases, infectious diseases, diseases interfered with leukocyte counts and functions, any type of anaemia), patients who have been using various drugs (painkillers, alcohol, cocaine) and who have been smoking.
Haematologic parameters in first and third trimester, demographic data like maternal age, previous reproductive history, body weight and height, gestational age at birth, route for delivery, birthweight (BW), and gender of the neonate were obtained from medical records. The patients were all had to have normal C -reactive protein (CRP) levels as well as negative cervical and urinary culture results in order to suggest that the high leukocyte counts were irrespective from any infectious process. Body mass indices were calculated by using weight (kilogram, kg) and height (meters, m) of the patients, given as a unit of kg/m 2 .
All hematologic parameters were analyzed with LH780 hematological analyzer (Beckman Coulter, Fullerton, CA, USA), within two hours of blood sampling. Neutrophil to lymphocyte ratio (NLR) was calculated by proportioning absolute neutrophil count to absolute lymphocyte count. Likewise, Platelet to lymphocyte ratio (PLR) was calculated by proportioning absolute platelet count to absolute lymphocyte count.
After laboratory analyses had been recorded, groups were compared with eachother about demographic data and haematologic parameters, using the Statistical Package for Social Sciences (SPSS, Chicago, IL, USA) software, version 17.0 for Windows. Distribution of the data was analyzed with Kolmogorov-Smirnov and Shapiro Wilk test. The data were presented as mean with standard deviation or median with minimum and maximum values of ranges for continuous variables, and as number with percentage for categorical variables. In comparisons between groups, Independent samples T test was used for parametric variables and Mann-Whitney U test was used for nonparametric variables. Proportions were compared with the Chi-square test. p<0.05 value was accepted as significant.
Results
Maternal ages and body mass indices were similar among groups because of matching groups. There were significant differences between anyone of study groups and group-IV about reproductive history, except the abortus status between Group-III and Group-IV (Table 1) . Gestational ages at birth in group-I (37.02 ± 2.56 years) and group-II (37.0 ± 2.74 years) were significantly lower than ones in the control group (38.68 ± 1.31 years) (p<0.001 and p<0.001, respectively) ( Table 1) . Birthweights (BWs) varied between 690 and 4500 grams (g) (3039.35±658.78 g). BWs in Group-I (2220.71±497.2g), Group-II (2175.87±543.66 g) and Group-III (2862.17±577.67 g) were significantly lower than ones in the control group (3359.48±377.93 g). Delivery with cesarean section was more frequent in Group-I (69.5%) than other groups (Chi-square: 7.583, p=0.006). Gender of the baby did not differ among groups significantly (Chi-square: 3.86, p=0.277) as seen in Table 1 .
Total leukocyte (white blood cell; WBC) counts (p<0.001), neutrophil counts (p<0.001), lymphocyte counts (p=0.002), platelet (PLT) counts (p<0.001), mean platelet volumes (MPV) (p<0.001), 'plateletcrit' values (PCT) (p<0.001), 'platelet distribution width' values (PDW) (p<0.001), 'Platelet-large cell ratio' values (P-LCR) (p<0.001), neutrophil to lymphocyte ratios (NLR) (p<0.001) were significantly different between first and third trimester in all patients as seen in Table 2 . Platelet to lymphocyte ratios (PLR) weren't significantly different between first and third trimester in all population.
All these haematologic parameters were compared among four groups (Table III) . About platelet counts in third trimester; those in Group-I (251.47±68.48 x10 9 /L) were significantly higher than ones in the control group (228.71±61.49 x10 9 /L). Platelet counts in Group-II and Group-III were higher than the values in Group-IV, but not significantly. In terms of PCT values in the third trimester, those in Group-I significantly higher than ones in the control group.
Comparison between Group-II and Group-IV revealed that both PDW in the first trimester and PDW in the third trimester values in group-II were significantly higher than ones in group-IV.
Furthermore, comparison between Group-I and Group-IV revealed that WBC in the third trimester to Cesarean delivery rates were given as number of percentage, reproductive history characteristics were given as median (minimum-maximum), and other values were given as mean ± standard deviation.
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Discussion
Most leukocyte indices and most platelet indices, neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) in first or third trimester were not associated with SGA birth and/or oligohydramnios in our study, but it was clarified that they differ significantly between first and third trimester.
Similarity of groups in terms of maternal age and BMI has provided homogeneity and increased the probability of accurate evaluation. Birth weights in the study groups were significantly lower than in the control group, we attributed it to their complicated pregnancies. Gestational ages at birth were significantly lower in patients with SGA and it demonstrated that earlier intervention were warranted for these subjects.
Cesarean delivery rate of women who gave birth to SGA babies in New York was found as 61% in 2003 (7). It was detected as frequently as 69.5% in our study, it might have been arisen because the diagnoses of SGA were made antenatally. Likewise, Fratelli et al. showed that cesarean delivery rates of women who were diagnosed antenatally as they had SGA babies were significantly higher than women who were diagnosed in postpartum period (8) .
Cesarean delivery rates of these women were higher than others, because their fetuses' well-being tests resulted in unfavorable conditions.
Cesarean rate in the Oligohydramnios group was not significantly different from the control group, it's disharmonious with previous studies by Varma et al (9), and Locatelli et al (4) . Similarly, cesarean rate in the SGA and Oligohydramnios group was not significantly different from the control group. We found no explanation for this in the literature.
Diversity of haematologic parameters between first and third trimester makes us think that pregnancy is a changing process in itself, continuously. In a study it was found that the upper limit of leukocyte count increases from first to third trimester (10), this is consistent with our findings. Investigations about altered plasm volume and cellular content has revealed that the increase in the WBC count was largely due to increases in circulating segmented neutrophils and granulocytes whose absolute number was nearly doubled at term. It was said that the reason for the increased leukocytosis was still unclear, but it might have been caused by the elevated estrogen and cortisol levels (11) .
In a previous study, Harita et al. found that patients who had SGA baby had had higher neutrophil counts in third trimester than patients in the control group, but there had been no difference between first trimester values (12) . Confirming this idea, in a study by Johnston et al, it was showed that there was neutrophil activation in SGA pregnancies during the third trimester (5). In our study, no difference was found among neutrophil counts of groups in the first or in the third trimester. WBC3/WBC1 ratios were significantly higher in the Polyhydramnios group than the control group, consistent with the study by Harita et al (12) . No significant difference was found between the SGA and Oligohydramnios group and the control group or between the Oligohydramnios The data were given as mean ± standard deviation.
group and the control group in terms of WBC3/WBC1 ratio. This variable should be widely investigated with further studies.
Platelet (PLT) counts of all patients in the first trimester were significantly higher than in the third trimester. It's consistent with the literature, for example Pitkin and Witte (13) , and O'Brien (14) showed that platelet counts were decreasing with advancing gestational age. In our study, MPV and PDW values of all patients in the third trimester were significantly higher than in the first trimester. Diminution of platelet counts and simultaneously enhancement of their volume and distribution width over the third trimester might be caused by destruction of them, regarding microangiopathic reasons, even in normal pregnancy. It has been well established in a study by Fay et al (15) .
Platelet counts of the study groups in the third trimester were higher than the control group. Especially in the Polyhydramnios group, this PCT values of the Polyhydramnios group in the third trimester were significantly higher than ones of the control group, it seems to reflect PLT counts. Notably higher PDW values of the SGA and Oligohydramnios group in both first and third trimester could not be attributed to any specific pathologic mechanism. There are two different studies in the literature about high PDW values; one of them attributed it to having high predictive value to make the diagnosis of threatened preterm labor (16), other one attributed it to having a role as a prediction marker for the severity of preeclampsia (17) . Probably, patients diagnosed with SGA and oligohydramnios may share the same pathogenesis which make increase PDW values as threatened preterm labor and preeclampsia. Further studies may clarify this point of view.
No fetal or early neonatal death was observed, probably because we diminished risks by excluding the patients who had foreknown systemic diseases to provide equal standards among groups at the beginning of the study. Because the study is a retrospective, nonrandomized case control study, there are limitations. Scarcity of patients diagnosed with SGA and/or oligohydramnios and without risk factors caused limited sample, especially as in the solely oligohydramnios group.
In conclusion, most leukocyte indices and most platelet indices, neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) in first or third trimester were not associated with SGA birth and/or oligohydramnios in our study, but it was clarified that they differ significantly between first and third trimester. A new prospective study with larger sample size may present different results. In clinical practice, haematologic variables may not provide a significant benefit in sight, but at least, it may help to clinician in order to assess the patient in a different perspective.
